RECENTLY, long-term cardiac pacing has been used for the treatment of arrhythmias in patients with intact atrioventricular conduction.'-18 The desirability of using atrial pacing to maintain nearly normal hemodynamic and electrophysiologic relationships has been documented.'9-28 However, the difficulty of maintaining a stable atrial pacing site without resort to thoracotomy8-13 has resulted in a limited application of atrial pacing on a long-term basis. 29 The 
describe our experience with long-term pervenous left atrial pacing using an electrode catheter positioned in the proximal aspect of the coronary vein. A variety of arrhythmias including symptomatic supraventricular bradycardia, bradycardia-tachycardia syndrome, and recurrent ventricular tachyarrhythmia have been successfully managed using this technic.
Methods Details of the implantation of the coronary venous left atrial pacemaker have been previously described from this laboratory. '16 18 In all patients the pacemaker electrode* was introduced through the thoracic portion of a cephalic vein. The left side has been the preferred approach for coronary vein catheterization. Adequacy of atrioventricular conduction was first assessed by means of atrial pacing using an external generator at frequencies between 70 and 130/min with the electrode placed in cont4ict with the atrial endocardium. The P-R interval was measured directly. Following catheter positioning, the electrode was connected to an implantable pulse generator* and placed in a subcutaneous pocket in the left pectoral region. A 12-lead electrocardiogram was obtained on each patient, and the pacemaker artifact preceded P waves that were inverted in leads I and V6 with a mean vector oriented in the cephalad direction. Posteroanterior and lateral chest roentgenograms revealed that the electrodes were located posteriorly and inferiorly with respect to the left atrium.
In selected patients, unipolar and bipolar electrograms were recorded from the ring and tip electrodes of the bipolar catheter positioned in the coronary vein. The voltage of the atrial and ventricular complexes could be quantitated with respect to the threshold required to trigger a demand pulse generator.
Results
The . In two patients ventricular tachyarrhythmia that deteriorated into ventricular fibrillation proved refractory to vigorous antiarrhythmia therapy in addition to careful attention to electrolyte balance and maintenance of cardiac compensation. In each instance the arrhythmia arose in the setting of an acute myocardial infarction and required d-c cardioversion or defibrillation. Use of atropine to achieve a more rapid sinus response than the control heart rates (65-70 beats/min) also failed to abolish the arrhythmia. Pervenous atrial pacing from the coronary vein at frequencies of 86 and 110/min in addition to procainamide or lidocaine resulted in control of the arrhythmia and provided a more satisfactory pulse pressure than ventricular pacing at comparable rates. In two other patients temporary atrial pacing from the coronary vein for periods of 1 to 2 weeks allowed control of drug refractory ventricular Circulation, Volume XLII, September 1970 tachyarrhythmia in the setting of an acute myocardial infarction.
Case 10 (MW. SMH #60-24-86)
A 61-year-old man was hospitalized in November 1969 with an acute diaphragmatic myocardial infarction complicated by intermittent complete heart block. A permanent right ventricular demand pacemaker was implanted. In January 1970, the patient was readmitted with ventricular irritability complicated by hypotension (systolic BP, 80 mm Hg) and low cardiac output. Despite demand ventricular pacing at a frequency of 86/min and suppressant therapy including parenteral procainamide, propranolol, and lidocaine, direct current cardioversion was required for control of recurrent episodes of ventricular tachyarrhythmia. It was observed that sinus conducted beats with a P-R interval of 0.24 sec resulted in systolic cuff pressures 20 mm Hg greater than those generated by paced ventricular beats. Because of the persistent hypotension the pacing electrode was repositioned in the coronary vein and atrial pacing was accomplished without difficulty. Although the generator frequency was left unaltered (86 beats/min), the patient's hemodynamic state improved considerably with atrial pacing and the systolic blood pressure stabilized at 100 mm Hg. Digoxin and procainamide therapy were maintained, and over a 1-mo period of observation, the recurrent episodes of ventricular tachyarrhythmia have been completely eliminated. In patients with symptomatic bradycardia due to disorders of sinus node impulse formation or propagation, or both, atrial pacing may be employed to provide an adequate rate and rhythm. By pacing from the atrium the hemodynamic temporal relationship between atrial and ventricular contraction and the excitation transmission over a normal intraventricular conduction pathway are maintained.19-28 With left atrial stimulation the P-R interval in all instances but one was equal to or shorter than the control value. In case 7, the exception to this observation, postulated intermittent A-V node ischemia resulted in temporary but marked P-R prolongation. The comparability of the atrial contribution to ventricular filling and function resulting from left and right atrial stimulation is currently being studied in our laboratory. In the clinical situation, however, the pulse pressure derived from left atrial pacing was clearly superior to that obtained from ventricular pacing at a similar rate. In addition, atrial pacing reduces the danger of competition between paced and spontaneous ventricular rhythm and eliminates the potential of mechanically induced ventricular ectopic beats and re-entrant ventricular arrhythmias.
In patients with the so-called bradytachy syndrome, the efficacy of pacemaker suppression may reside in a reduction in the prolonged diastolic period which predisposes to ectopic activity as well as an improvement in the homogeneity of recovery of excitability at more rapid rates.34 35 At rapid frequencies, intrinsic pacemaker activity from an ectopic focus may be inhibited by the mechanism of overdrive suppression.36 39 In addition, altera-tion of critical timing relationships in reentrant pathways may abolish re-entrant arrhythmias.40A4 This was illustrated by patient 7 in whom use of an induction coil to vary the timing of the pacemaker artifact resulted in abolition of a junctional tachyarrhythmia within 2 to 3 beats.
Many of the above-described mechanisms may be operative in preventing ventricular tachyarrhythmia. In addition, continued depolarization of the ectopic focus may result from rapid pacing. In one of these patients atrial pacing was consistently effective in controlling the arrhythmia while ventricular pacing was not. This suggests that the hemodynamic benefit of atrial pacing may be operative in addition to the electrophysiologic mechanisms described above.45 46 Permanent demand atrial pacing using the pervenous approach has not been previously reported. The relative amplitudes of the atrial and ventricular electrograms recorded from the coronary vein site determine whether the demand pacemaker will operate as an atria] ( fig. 3) or ventricular (fig. 4) 
